Clinical studies in neuro-oncology typically express results using traditional outcome measures such as tumor size, toxicity effects, and of course, survival rates. Although paramount, these measures fail to fully capture the residual capacity, psychosocial health, and overall quality of life (QOL) of surviving patients. In recent years, a new emphasis has been placed on evaluating quality of life in patients, thus acknowledging the impact produced not only by the disease process, but also by different ABSTRACT: Background: The purpose of this study was to develop and validate a self-administered questionnaire to measure the health-related quality of life (QOL) of patients with brain cancer. We wanted to assess both core and disease-specific concerns in a single, easy-to-use instrument, thus promoting concision and clinical utility. The questionnaire departs from its predecessors in that it was designed for-and validated among French speaking Canadians. Methods: A focus group of health professionals was used to develop items for the questionnaire, which was later validated with 105 patients suffering from brain cancer. The underlying structure of the questionnaire was investigated using principal component analysis and confirmed using a principal factor analysis. Results: The final version of the questionnaire contains 30 items. Seven multi-item scales, tapping into distinct dimensions of QOL, were uncovered (i.e., functional well-being, symptom severity/fear of death, social support/acceptance of disease, autonomy in personal care, digestive symptomatology, neurocognitive function, and pain). Assessment of reliability revealed elevated internal consistency for each of the seven scales (Cronbach coefficient alpha ≥.65), whereas known-groups validity (anchor-based approach) revealed that the different dimensions uniquely discriminated between patients with different functional levels (Karnofsky Performance Scores) and clinical status (exposure to neurosurgery, radiotherapy, and use of chemotherapy and anticonvulsants). Conclusion: Our QOL questionnaire, the Sherbrooke Neuro-Oncology Assessment Scale, or SNAS, taps into both core and disease-specific issues relevant to neuro-oncology patients. It has good validity and reliability, and clearly reflects the multidimensional nature of QOL. Depending on the research focus, it may be used in clinical trials to track the impact of disease and/or treatment on satisfaction, functional status, and general well-being.
treatment modalities on overall well-being. As a result, cancer outcome studies now include multidimensional quality of life assessments to their list of prognostic variables 1 . A number of generic instruments currently exist which can help researchers and clinicians measure the impact of disease on physical, psychological and social well-being. Unfortunately generic instruments lack the ability to accurately assess the specific concerns raised by different patient populations, including neuro-oncology patients. One approach to this problem is to use both general QOL measures and disease-specific instruments 2 . This strategy provides a more accurate picture of the overall QOL profile of patients.
In neuro-oncology, evaluating QOL is paramount since the central nervous system is affected early in the disease process, and treatments are, unfortunately, often only palliative. Two frequently used (and often cited) QOL instruments are the European Organization for Research and Treatment of Cancer scale (EORTC 3 ) and the Functional Assessment of Cancer Therapy scale (FACT 4 ). Each instrument includes supplemental modules applicable to brain tumor patients (the BN20 module for the EORTC and the Br module for the FACT). In the United States, the most frequently used questionnaire is the FACT-Br, whereas the EORTC-BN20 is more frequently used in Europe and Canada 5 . As a rule, these instruments capture various aspects of QOL, including functional status, physical symptoms, social and emotional well being, global health, and cognitive function. The EORTC-BN20 and FACT-Br have been used in clinical studies with reasonable success. For example, using the EORTC-BN20, Taphoorn et al 6 found that the addition of temozolomide during and after radiotherapy for patients with newly diagnosed glioblastoma significantly improved survival without negatively affecting overall QOL. As a result, this protocol is now considered as the standard of care in the treatment of malignant astrocytic tumors.
Studies conducted with the FACT-Br reveal that neurocognitive function and QOL are closely related, but that cognitive decline occurs sooner, and predicts subsequent QOL scores in patients with brain metastases. This implies that the preservation of cognitive function may be an important shortterm objective for the maintenance of elevated QOL 7 . Interestingly, a recent study conducted by Coyne et al 8 found that emotional well being (a subscale of the FACT) is not an independent predictor of survival in cancer patients. This finding does not dispute the utility of QOL research, but strongly warns against claims made to suggest that psychological states can change the organicity of malignant cancers, and impact the outcome.
Taken together, these studies demonstrate the importance of measuring QOL in clinical trials. Unfortunately, QOL is difficult to generalize since the concept is largely patient-driven and culturally biased. Ideally, different patient populations, in different cultural contexts, should be studied using QOL instruments that have been designed explicitly for them. In this pilot study we wanted to develop a QOL measure that would: (i) provide information germane to neuro-oncology patients, (ii) include items that we hypothesized as relevant, but not indexed by current questionnaires (e.g., problems with memory and impact of convulsions), and (iii) reflect the concerns expressed by patients in our particular cultural context (French Canada).
We also wanted to assess general and specific dimensions of QOL in a single, easy-to-administer questionnaire. Concision was essential since we wanted an instrument that would comply with the realistic constraints placed on patients and hospital staff.
The aim of this study, therefore, was to develop and assess the psychometric properties of a new questionnaire (the Sherbrooke Neuro-Oncology Assessment Scale -or SNAS), specifically designed for patients with brain tumors. To do this we: (i) generated items using a focus group composed of health care professionals, (ii) explored the factor structure of our questionnaire by uncovering strong and stable dimensions of quality of life, (iii) assessed the internal consistency (Cronbach's coefficient alpha) of our factor-reduced questionnaire, and (iv) validated our instrument using an anchor-based validation approach. The validation process was completed by verifying if the factors identified in previous steps discriminated clearly between patients differing in clinical status, as defined by the scores obtained on the Karnofsky Performance Status scale (KPS) and by various additional clinical parameters (i.e., exposure to neurosurgery, radiotherapy, and use of chemotherapy and anticonvulsants). It is important to note that the KPS is one of the most commonly used functional measures in the neurosurgical literature 9 . It focuses on physical change and assesses ability to work, daily activities, self-care, and evidence of disease. By comparing our findings with those of the KPS, we can test our questionnaire's validity using an independent measure, or "anchor" that is considered a standard in the field (see Mackworth 10 for a similar approach). Although it might have been wise to also validate our results by comparing them to those of other QOL questionnaires (i.e., FACT-Br, and EORTC-BN20), we chose not to proceed with this option because we did not want to expose our patients to a protracted testing session. Past studies, in fact, confirm that completion rates are a particular problem during long testing sessions 11, 12 . For this reason, only the KPS was used as an external (convergent) measure of QOL.
METHODS
Between March and April 2007, 132 patients who were diagnosed with a malignant tumor of the central nervous system agreed to participate in our study. Patients were seen in the outpatient clinic of the neuro-oncology service of the Université de Sherbrooke's Hospital Center in Quebec, Canada. Patients filled out our quality of life questionnaire before consulting their physician. For some patients, the questionnaire was administered over the phone by a trained intern or research nurse. Twentyseven patients chose not to participate or were unable to complete the questionnaire (owing to the presence of impaired cognitive capacities). Forty-six women and 59 men completed the questionnaire. Patient characteristics are presented in Table 1 . All participants provided informed consent (in some cases the consent form was returned by mail). A KPS score was assigned by the consulting physician at the time the questionnaire was completed (or at the next visit for patients who completed the questionnaire by phone). Functional ability scores identified by the KPS vary by intervals of 10 and range from 0 (death) to 100 (no evidence of disease and full independence).When administered by health care professionals, the KPS has acceptable test-retest and inter-rater reliability and validity 13, 14 .
Item Generation
Items for the questionnaire were generated by a panel of health care specialists (neuro-oncologists, radiation oncologists, occupational therapists, social workers and nurses) who were all familiar with the life concerns usually raised by neuro-oncology patients. We chose to generate items using a panel of experts rather than through patient interviews because interactions between experts often reveal new themes and ideas not accessible during individual interviews 15 . The panel of experts generated an initial pool of over 70 items that were both general and specific to brain-cancer patients. This list was screened for conceptual redundancy and irrelevance. The final list contained 42 items. Items were rated on a 4-point Likert scale ranging from 1 (not at all) to 4 (very much). Most items asked whether patients were limited or dissatisfied in certain areas. However, some items asked about preserved abilities or positive feelings. Before scoring our questionnaire, items in the latter group were reverse scored. All items were written in French. It is important to mention that because some QOL concerns are ubiquitous, a number of items overlap with those found in other, currently available questionnaires (e.g., lack of energy, and loss of autonomy). We consider this overlap crucial since it denotes the strong face validity of our instrument. Most currently available QOL instruments, in fact, share a substantial degree of conceptual overlap and sometimes include only minor wording differences.
Data Analysis
Questionnaire items were coalesced into distinct, multi-trait scales using a principal component analysis. This analysis allowed us to measure the factorability of our questionnaire and estimate the number of factors to be extracted. Our final factor solution was confirmed using a principal factor extraction method. The internal consistency for all scales was assessed using Cronbach's coefficient α. Once strong and stable dimensions of QOL were identified, we validated our questionnaire using an anchor-based approach. This was done by conducting a series of independent t-tests using factor scale scores as dependent variables and clinical status as the independent variable (dichotomized from the various anchors). This approach is also called the known-groups method of comparison (see Aaronson et al 3 , and Kan and Cusimano 16 ) and allows researchers to differentiate subgroups of patients classified as a function of their clinical status. In the current study, mutually exclusive patient subgroups were determined based on KPS scores (below 80 or above 80), exposure to surgery, exposure to radiotherapy, use of chemotherapy, and use of anticonvulsant drugs.
RESULTS

Factor Analysis
Principal component extraction results revealed the presence of 13 factors with eigenvalues greater than one. However, analysis of the scree plot (eigenvalues plotted against factors) indicated the presence of only seven factors. Kaiser's measure of sampling adequacy (MSA) was sufficiently high to warrant factor analysis (MSA=0.7). In the next step, we conducted a principal factors analysis, using the following criteria to determine the adequacy of retained items: (i) saturation loadings ≥.30, and (ii) the absence of cross-loading ≥.35. After applying these criteria, 12 of the initial 42 items were excluded. To further optimize the stability and interpretability of the final factor solution, and because the factor correlation matrix contained a number of correlations greater than .32, we conducted a final principal factors analysis, exposing our seven factor solution to an oblique, promax rotation. Results for this analysis are presented in Table 2 . Significant saturations vary between .31 to .96. Clustered items clearly reflect the seven factor structure of our questionnaire and indicate the presence of: (1) a functional well-being scale, (2) a symptom severity/fear of death scale, (3) a social support/acceptance of disease scale, (4) an autonomy in personal care scale, (5) a digestive symptomatology scale, (6) a neurocognitive function scale, and, (7) a pain scale. Together, the seven factors explain 52.2% of the total variance. Three of the factors are composed of only three items and one factor is composed of only two items. It is usually not recommended to have a small number of items per factor, however, since the correlation matrix (not shown) reveals that the items correlated strongly with one another (all rs>.65) and poorly with all others * High grade gliomas include: glioblastoma multiform tumors, anaplastic astrocytomas, anaplastic oligodendrogliomas, and anaplastic oligoastrocytomas; ** Patients in the no-surgery group experience neither biopsy nor craniotomy. All nine patients in this group suffered from a primary neoplasm originating in the lung or breast, but which had metastasized to the brain. For these patients, optimal treatments could be undertaken without having to expose them to neurosurgery (including biopsy). (all rs<.35), these factors are likely reliable, and were therefore retained. Table 2 also lists information on internal consistency (Coefficient α) and percentage of explained variance for each factor. Average factor scores (the average sum of each item included in a given factor) are presented in Table 2 . Given the way the items were scored (i.e., reverse scoring of positive items), an increase in the factor score always indicates increased impairment and poorer QOL. Internal consistency was generally high, which justifies using the scales for subsequent group comparisons. The final version of the questionnaire is presented in Appendix A (items to be reverse scored are 5, 6, and 14-19).
An adapted-to-English version is presented in Appendix B, and awaits official double-back translation and validation (to be conducted with an English speaking cohort).
Anchor-Based Validation
Depending on the clinical status variable used, important group differences in QOL were observed. Table 3 summarizes the results of the independent sample t-tests conducted with KPS, surgery, radiotherapy, chemotherapy, and anticonvulsant drug use as grouping variables. As shown in Table 3 well being, autonomy in personal care and overall QOL than patients with a KPS score of 80-100. Patients who underwent neurosurgery experienced significantly more pain and greater loss in autonomy than did patients without neurosurgery. Likewise patients who received radiotherapy experienced poorer functional well being, increased digestive symptoms, poorer neurocognitive functioning and reduced overall QOL compared to patients not exposed to radiotherapy. Patients who received chemotherapy experienced increased digestive symptoms compared to patients who did not receive chemotherapy. Finally, patients who required anticonvulsants to control their seizures experienced more serious disease-related symptoms/greater fear of death than did patients who did not need anticonvulsants because of underlying seizures. It is important to point out that group membership served only as a proxy for our patients' overall clinical and functional status. Although, we cannot be sure whether group differences in QOL are attributable to disease severity or treatment effects, differences between groups were in the expected direction, reflecting poorer QOL in patients with more impaired clinical status (or increased treatment sideeffect/toxicity).
DISCUSSION
The purpose of the present study was to develop and validate a new QOL questionnaire tailored specifically for brain cancer patients. Although a number of generic and disease-specific instruments exist, clinicians (and researchers) do not currently have access to a single instrument that would allow them to quickly measure the most prevalent set of concerns raised by this population. We developed the SNAS, in part, to address this drawback. The final version of the SNAS includes 30 items and takes approximately ten minutes to complete. The questionnaire has a stable seven factor structure which captures specific dimensions of QOL, namely: 1) functional well-being, 2) symptom severity/fear of death, 3) social support/acceptance of disease, 4) autonomy in personal care, 5) digestive symptomatology, 6) neurocognitive function, and 7) pain. These factors are highly consistent (all Cronbach alphas ≥.65), and together, reflect the known multidimensional nature of QOL 3, 4, [17] [18] [19] .
An anchor-based approach was used to further assess the psychometric properties of our instrument. Consistent results were obtained revealing that the SNAS was differentially responsive to criterion groups and, therefore, had acceptable validity. A key finding was that functional and autonomy measures of QOL (Factors 1 and 4) successfully identified patients who differed in terms of their KPS scores. Since these measures are explicitly assessed by the KPS, we can be sure that the SNAS is sensitive to functional well-being and autonomy in personal care. Furthermore, the SNAS was responsive to the side effects (e.g., toxicity) of treatment. For example, having undergone neurosurgery negatively impacted QOL by decreasing levels of autonomy and increasing pain (Factors 4 and 7). On the other hand, exposure to radiotherapy negatively affected functional, digestive and neurocognitive functions (Factors 1, 5, and 6). Chemotherapy treatments generally increased nausea and vomiting (Factor 5), whereas the use of anticonvulsants to treat the presence of seizures was associated with disease severity and fear of death (Factor 2). In terms of QOL, these findings indicate that different treatments are associated with different side-effect profiles. These unique profiles are surprisingly consistent with the distinct set of complications brought about by specific treatment modalities (see Schiff and O'Neill 20 ) , further confirming the sensitivity of our instrument.
It is important to point out that our questionnaire was administered relatively early in the disease process of patients. As a result, the immediate side-effects of treatment likely had a greater influence on QOL than the positive mid-to long-term effects of treatment on pathology. This interpretation is entirely consistent with our observations and suggests that a longitudinal approach is needed to better appreciate the benefits of treatment on QOL. A longitudinal design would also allow us to measure our questionnaire's sensitivity to change. Responsiveness to change is an important component of any psychometrically sound instrument and will be explored in our follow-up investigations.
An interesting finding was that clinical status had no effect on social support/acceptance of disease (Factor 3). This suggests that the extent of psychosocial help and the ability to live with a life-threatening disease is not related to overt clinical variables. Instead, the extent of social support obtained by loved ones and, in particular, the capacity to accept terminal-illness may be explained by intangible factors, such as emotional adjustment. In agreement with this hypothesis, a recent paper by Ray et al 21 found that patients with advanced cancer who are peacefully aware of their condition have lower rates of psychological distress. A follow-up study by the same group also found that spirituality promoted equanimity in the face of terminal-illness 22 . As suggested by the authors, this is reminiscent of Erikson's 23 work on mortality and end-of-life issues, where the approach to death is met with either ego integrity or despair depending on personality and psychological well-being. Social support/ acceptance of disease, therefore, is an important component of QOL despite the fact that it does not distinguish patients who differ on functional or clinical status.
Together, these results lend considerable support to the clinical validity of the SNAS. Nevertheless, one should be aware of the limitations of the current research. One possible limitation is the relatively small number of patients (N=105) included in this pilot study. A sample size of approximately 100 subjects is considered a minimum when conducting multivariate analyses (i.e., factor analysis). More subjects would certainly promote greater reliability and reduce the risk of interpreting empirically overfitted results. Despite this limitation, a number of research teams have published excellent validation studies using comparable sample sizes 2, 24, 25 . It is important to remember that large patient samples (i.e, 500 or more) are difficult to obtain in neuro-oncology research, owing, in large part to the low incidence of brain cancer (< 0.001%) 20 . The likelihood of recruiting a large number of patients also decreases when research trials do not have a multicentric focus.
Our small sample also prevented us from conducting separate analyses as a function of disease state or histological subtype. Histological subtypes are particularly important to consider when studying prognostic or survival factors, and may also reveal interesting information germane to QOL. For example Osoba et al 26 found that patients with recurrent anaplastic astrocytomas and patients with glioblastoma multiform tumors generally report similar levels of QOL. However, the presence of pain and visual problems is reported more frequently in glioblastoma multiform patients. Such symptoms are often amenable to treatment, emphasizing the importance of conducting a comprehensive evaluation of QOL and paying attention to histology. Along the same line, it may also be important to dissociate brain metastases from primary tumors. Although neurological symptoms, fatigue, and treatment sideeffects may be similar between patients with primary and metastatic tumors, systemic-symptoms, and the presence of multiple foyers may be more problematic for patients with brain metastases. Increased disease burden may also explain why patients with advanced metastatic cancers typically respond with QOL scores that are similar to those obtained by patients with high-grade gliomas (see Osoba et al 26 ). Future research is necessary to validate the inclusion of patients with metastatic lesions in brain-cancer studies.
Despite the limitations noted above, the SNAS is the first QOL questionnaire specifically developed to assess both general and disease-specific concerns in a single easy-to-administer version. Having a single instrument avoids having to use a modular approach to assessment. This benefits patients since they do not have to complete a large number of questions spread over two or more instruments. A short but valid self-report questionnaire such as ours provides an obvious clinical advantage. In fact, long testing sessions are increasingly being recognized as a challenge for terminally-ill patients, especially when concentration and fatigue are a presenting problem. The importance of brevity during testing has even pushed the EORTC quality of life group to develop a new shorter version of their widely-used core QOL questionnaire (i.e., their original QLQ-C30). The EORTC's new, shorter instrument, the QLQ-C15, is an extremely promising tool and its conception demonstrates that even a short questionnaire (i.e., 15 questions) can adequately measures global quality of life issues 19 . The QLQ-C15, however, is not sensitive to disease-specific concerns (nor was it intended to be) and must be supplemented by items or modules measuring missing issues. The SNAS, on the other hand, was intended to be both brief and sensitive to the principal QOL concerns expressed by brain cancer patients.
To our knowledge, the SNAS is also the first QOL questionnaire originally designed in French. It is not the translated version of an original English instrument, and so, does not suffer from semantic ambiguity, a rare but possible consequence of the translation process. As far we know, it is also the first QOL questionnaire to have been validated among French Canadians. As such it provides valid Canadian content, applicable to our unique cultural context. In summary, the SNAS is a short, multidimensional QOL questionnaire with strong psychometric properties. It provides a comprehensive evaluation of functional status and of its influence on various dimensions of QOL. Until therapies that markedly improve the disease process can be found, QOL measures will continue to be a critical component of health care in neuro-oncology. In this manner, the SNAS provides a tumorspecific instrument that is substantially different from currently available questionnaires. The underlying format of the SNAS (i.e., a single instrument that measures both core and disease specific issues) should allow health care professionals to obtain a rapid yet precise picture of the QOL profile experienced by neuro-oncology patients.
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